The chemistry of F 2 and its derivatives are amenable to facile aliphatic or aromatic substitution, as well as electrophilic addition. The main limitation in the use of [ F 2 for radiopharmaceutical synthesis is the low specific activity achieved by the traditional methods of production. The highest specific activities, 55 GBq/μmol, for . The production can be improved by optimization of the synthesis device and procedures. The use of a commercially available excimer laser and the simplicity of the process can make this method relatively easy for adaptation in radiochemistry laboratories. 18 F, excimer laser, fluorine-18, PET, radiochemistry, specific activity
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| INTRODUCTION
Positron emission tomography (PET) is a diagnostic technique, which allows the study of biological processes in living subjects. 18 F is the most commonly used radionuclide in the production of PET tracers and can be introduced into a molecule by nucleophilic or electrophilic methods. Nowadays, most 18 F-labelled tracers are made by a nucleophilic approach because of the ready availability of nucleophilic [ For HPLC analysis, a Merck Hitachi LaChrom 7000 system with Hitachi D-7000 HPLC System Manager software (version 3.1.1) was used. Analyses were performed using a Waters Atlantis dC18, 3.9 × 150-mm column (Waters Corp, Milford, Massachusetts) with a gradient of H 2 O and MeCN starting from 95% water to 20% water over 10 minutes with a flow of 1.5 mL/min. A wavelength of 254 nm was used for the UV detector. Radioactivity was detected with a NaI (Tl) scintillator detector (2 × 2 in; Bicron, Newbury, Ohio) placed on the HPLC column outlet.
The illumination chambers were custom made to our specifications by Finnish Special Glass Oy (Espoo, Finland). The TiO 2 reflective paint (BC-620) was purchased from Saint-Gobain Crystals (Nemours, France). The gas chromatography column (id 0.8 cm, length 30 cm) was filled with HayeSep Q 60-80 mesh (SigmaAldrich, Steinheim, Germany).
| Laser
The ArF ExciStar XS laser (Coherent, Gottingen, Germany) was installed outside the hot cell. A hole was drilled in the hot cell wall, and a metal tube was used to transfer the laser beam in a helium atmosphere to the illumination chamber ( Figure 3 ). The laser is operated in pulse mode, with 15 000, 30 000 or 60 000 pulses being used, depending on the experiment. The repetition rate (200 Hz) and energy (11-12 mJ/pulse) were kept constant for all the experiments.
| F 2 titration
The amount of carrier F 2 used in the synthesis of
was determined by iodometric titration. The mixing chamber ( Figure 3A ) was filled with a known pressure of Ne/ 0.5% F 2 gas and further filled with neon to a total pressure of 5 bar. The mixing chamber was opened to the illumination chamber, and the pressure was allowed to equilibrate using the vacuum ultraviolet laser. B, A photograph depicting the setup of the apparatus in the laboratory, from left to right; hot cell containing synthesis device, laser housed in adjacent fumehood, and the user interface for 1 minute. The gas mixture in the illumination chamber was bubbled through 1 mL of 1M KI solution, and the chamber was flushed 3 times with neon. The resulting solution was titrated with 0.01M Na 2 S 2 O (when the solution color turned very pale yellow, starch indicator, 0.5 mL, was added). The amount of carrier F 2 gas was calculated from the total amount of Na 2 S 2 O used for titration. 3 F was transferred to a 60-mL syringe and injected onto the gas chromatography column for purification. Neon was used as a carrier gas. The gas chromatography column was held at RT. A Geiger-Muller radioactivity detector, placed on the outlet of the column, monitored the elution of [ 18 F]CH 3 F. The purified product was collected in a stainless steel loop (od 1/16", id 0.5 mm) submerged in a liquid nitrogen trap. Upon collection, the stainless steel loop was allowed to warm to room temperature for 90 seconds. Subsequently, the Ne/F 2 gas mixture, premixed to a total pressure of 5 bar as described earlier (see Section 2: F 2 titration), was used to transfer the [ 18 F]CH 3 F to the illumination chamber ( Figure 3A) . The final pressure of the gas mixture in the illumination chamber was 2.5 bar. 
|
was bubbled, at a flow of 20 to 25 mL/min, through the solution of the NFSi precursor in 0.9 mL of MeCN and 0.1 mL of H
| Statistical methods
The results are reported as means AE SD of n = 3-5. All statistical analyses were performed using Microsoft Excel 2010. Differences between the HPLC yields and SA [ (Figure 2) . Analysis of the crude reaction mixture showed some UV-active impurities that separated well from the product peak. Two radioactive impurities with retention times of 1 and 8.5 minutes were also observed.
| Chamber shapes and amount of laser pulses
The investigation of chamber shapes ( aluminum is the better reflective material; however, the aluminum layer was also easily destroyed during the laser illumination. (Table 3) . Hence, subsequent reactions were conducted with 30 000 laser pulses.
| Amount of carrier F 2 gas
Decreasing the amount of carrier F 2 led to an increase of SA Figure 4 .
No significant difference in the HPLC yield was observed when decreasing the amount of carrier F 2 from 1720 to 1180 nmol (P = .096). As the quantity of carrier was decreased from 1180 to 95 nmol, a gradual decrease in HPLC yield was observed ( 
| DISCUSSION
A comparison of different illumination chambers showed that chamber A gave better results for the [
18 F]NFSi labelling than the chambers B, C, or D. This can be attributed to the long path length travelled by the laser beam in the reaction gas mixture before it is reflected. The cylindrical geometry of the chamber allows direct illumination of a larger proportion of the gas, while in the spherical chambers (chambers B, C, D), most of the gas is illuminated with the reflected hydrogen fluoride ( Figure 1) . As a result, this data series no longer followed the trend displayed in Figure 5 . While the loss of atomic fluorine was lower than that of the previously published discharge method, 10 this finding suggests that there is a constant quantity of atomic fluorine that will be lost during the reaction independent of the amount of carrier F 2 added. Because the amount of carrier is decreased to lower and lower amounts, this constantly consumed quantity represents an increasingly larger proportion of the carrier F 2 . Figure 5 shows the linear correlation between the SA [ ) introduced divided by the molar amount of carrier (nF 2 ) added, ie, the units of the horizontal axis in Figure 5 , and the slope of the trendline would be unity.
Since the scaling of the SA [ (Table 4) , it is confirmed that the total molar amount of CH 3 F is essentially the same in all of the experiments. 13 Hence, using the presented conditions, the only variable that the SA [ The data series for the lowest amount of carrier used (red), where the behavior deviates from that of the others was excluded when determining the trendline. The insert in the figure is an enlargement demonstrating the excellent linear fit even at low values
